The highly regioselective C-N bond formation between phenytoin and acrylic/fumaric esters was accomplished. Solvent-free media Michael addition of phenytoin to acrylic esters led to the selective synthesis of N3-substituted phenytoins (as mono-Michael adducts) in the presence of tetrabutylammonium bromide (TBAB) and potassium carbonate under ultrasonic irradiation conditions at room temperature. These reactions produced N1,N3-disubstituted phenytoins (as bis-Michael adducts) at 70 ºC. Surprisingly, the addition of phenytoin to fumaric esters, instead of acrylic esters, selectively provided only N3-substituted phenytoins at both room temperature and 70 ºC under the same conditions.
Introduction
Among the five-membered ring compounds with two heteroatoms, hydantoin has high importance due to key building blocks for a large number of medicinally-relevant molecules and serves as fundamental scaffold for discovering drugs. 1 The chemistry and property of hydantoin and its derivatives have been investigated for more than 140 years. These studies indicate that hydantoin and its derivatives have a broad range of biological activities including anticonvulsants, 2 antiarithmics, 3 antitumor, 4 antidepressants, 5 and antiviral agents. 6 Phenytoin 1 (5,5-diphenylhydantoin, DPH) is one of the best known derivatives of hydantoin. This heterocycle is a useful pharmacological compound and extensively used as an anticonvulsant agent, 7 treatment of epileptic seizures, 8, 9 epidermolysis bullosa, 10 inflammatory conditions, case of anticonvulsant activity of DPH, it has been established that the site of the action of this compound is the neuronal voltage-sensitive sodium channel, though no more information about the location and nature of this site has been reported. 14, 15 In contrast to the many examples of the Michael addition amines on different unsaturated systems, there are only a few reports on the amides and imides Michael reaction (due to the low reactivity of them) with these systems. [16] [17] [18] [19] Although, neutral amides and imides have very restricted nucleophilicity, but in the presence of a convenient base, nitrogen anions derived from them can become more satisfactory nucleophiles in Michael-type reactions. 20 DPH contains both amide and imide moieties. Therefore, it contains two Michael donor positions, which under the treatment of proper base, may generate N1-position or N3-position DPH anions. Therefore, it is expected to have three possible products from reaction of DPH with an electrophile in the base media (Scheme 1).
Scheme 1. Nucleophilic reactions of diverse positions of DPH with an electrophile.
Ultrasound is a powerful tool that can be used in organic synthesis to achieve a number of chemical reactions in high yield and within a shorter reaction time. Therefore, recently, ultrasonic irradiation technique has received considerable attention of researchers. [21] [22] [23] [24] [25] In continuation of our ongoing research on the Michael addition of imides and amides to unsaturated systems, 26, 27 we report here an efficient strategy for synthesis of a series of DPH derivatives by Michael addition of this compound to α,β-unsaturated esters under ultrasound irradiation (Scheme 2).
product in the presence of each of these bases. Among these bases, potassium carbonate gave the best result under the ultrasound irradiation. We repeated the model reaction under the above conditions in the presence of 2 mmol potassium carbonate and 2 mmol butyl acrylate that after irradiation of the reaction mixture for 2 h, the mono-adduct 4d, based on TLC test, was the only afforded product and no bis-adduct 5b was obtained at all. Interestingly, by increasing the temperature of reaction mixture to 70 ºC, bis-Michael adduct 5b was obtained as sole product after 1 h irradiation (Scheme 3). The molar ratio of base was also optimized, and a good yield was obtained by employing 1 equiv of potassium carbonate.
Scheme 3.
Michael addition of DPH to butyl acrylate under both conventional heating and ultrasound irradiation.
To evaluate the effects of solvents and ultrasound irradiation on the reactivity of reagents, the model reaction was performed in diverse solvents under both conventional heating and ultrasound irradiation conditions ( Table 1 ). The best yields of products were obtained when TBAB was used as a strong ionic salt media under ultrasound irradiation (Table 1, entry 6). The desired mono-adduct 4d was isolated in 80% yield within 2 h in presence of TBAB and under ultrasound irradiation (Table 1, entry 6). The reaction, within the same time, produced 30% yield of the Michael adduct 4d when it was performed under conventional heating condition (Table 1 , entry 6). Although, moderate yields of mono-adduct 4d were afforded in DMF and DMSO solvents, bis-adducts 5b were obtained in very low yields in these solvents ( Table 1 , entries 1 and 2). The reaction was unsuccessful in water as well as under solvent-free conditions (Table 1 , entries 5 and 7). Ionic organic salts are solvents with high polarity and consequently capable to dissolve organic compounds and metallic salts. 29 Therefore, in our reaction, we can think that organic salt TBAB play role of a high polar solvent and accelerates the reaction with dissolving all of organic (ester and DPH) and inorganic salt (K 2 CO 3 ) reactants. Encouraged by this highly regioselectve result, the model reaction was repeated with butyl fumarate, instead of butyl acrylate (Scheme 4). We observed a surprising phenomenon that the reaction provided mono-Michael adduct 6c as the only product at both room temperature and 70 ºC when the butyl fumarate and potassium carbonate loadings were changed from 1 equiv to 2 equiv (Scheme 4). We postulated that butyl fumarate can be considered as a derivatives of butyl acrylate, therefore, the presence of a butyloxycarbonyl (-COOn-Bu) in the β-position of n-butyl acrylate prevents the attacking of high hindrance nucleophilic N1-position, due to the steric effect of the two phenyl groups at C5 in DPH.
Scheme 4.
Michael addition of DPH to n-butyl fumarate under both conventional heating and ultrasound irradiation. Under the optimized conditions (see footnotes b and c of Table 1 ), other acrylic and fumaric esters were examined to explore the scope and limitations of this method and the results were summarized in Table 2 . Upon the analysis of Table 2 , it could be verified that the reaction could produce the desired mono-Michael adducts, as the only regioisomers, and bis-Michael adducts at room temperature and 70 ºC respectively in good to high yields under both fore-mentioned conditions. However, compared with conventional heating conditions, most of reaction products have higher yields and the related reaction times are significantly lower under ultrasound irradiation conditions (Table 2 , entries 3-16). Long chain alkoxy groups like n-octyloxy, ndecyloxy of fumaric esters were less reactive under the ultrasound irradiation conditions (Table  2 , entries 15 and 16). The reaction was not successful with acrylic or fumaric esters that bear phenoxy, secondary and tertiary alkoxy groups (Table 2, entries 2 and 17-20) .
When methyl acrylate was employed as Michael acceptor under thermal heating or ultrasound irradiation conditions, acrylic acid and DPH 1 were obtained instead of the desired Michael adduct (Table 2 , entry 1). We believe that methyl fumarate is more susceptible to hydrolysis, due to its smaller alkoxy group (-OMe), under the reaction conditions.
Conclusions
In conclusion, solvent-free ultrasound-induced high regioselective Michael addition, in the presence of TBAB, of DPH to α,β-unsaturated esters was reported. We have found that at room temperature the Michael-addition reaction between DPH and acrylic esters lead exclusively to N3-substituted phenytoins under ultrasound irradiation in solvent-free media. While, at 70 ºC, the reaction products were N1,N3-disubstituted phenytoins. When acrylic esters were replaced by fumaric esters, only N3-substituted phenytoins were obtained as Michael adducts at both room temperature and 70 ºC. This remarkable regioselectivity can be related to high steric hindrance of phenyl groups at C5-position that reduce the nucleophilicity of the N1-position of DPH.
Experimental Section
General. All acrylic and fumaric esters were synthesized in our laboratory according to the literature procedure 30 and their structures were confirmed by IR and 1 H NMR spectroscopy. The progress of the reactions was followed by TLC using silica gel SILIG/UV 254 plates. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a Bruker 400 MHz instrument.
FT-IR spectra were recorded on a Perkin-Elmer RX-1 instrument. Elemental analysis for C, H, and N were performed using a Heraeus CHN-O-Rapid analyzer. The melting points were determined in open capillaries with a Stuart Melting Point Apparatus and are uncorrected. Sonication was performed in a Parsonic 7500s ultrasonic bath, with a frequency of 50 kHz and a power 100 W was used for ultrasonic irradiation.
General procedure under conventional conditions (method A) α,β-Unsaturated ester (2 mmol) was added to a well ground mixture of DPH (2 mmol), TBAB (2 mmol) and K 2 CO 3 (2 mmol) and mixed thoroughly with a glass rod. The resulting mixture was kept at room temperature, or in an oil bath at 70 ºC for appropriate time ( Table 2 ). The progress of reaction was monitored by TLC. After completion of reaction, the mixture was suspended in chloroform (40 mL), filtered and the filtrate was washed with water (3 × 20 ml) and dried with MgSO 4 . The solvent was removed under reduced pressure and the resulting crude material was purified on short silica-gel column with n-hexane/ethyl acetate (9.5:0.5) as the eluent.
General procedure under sonochemical conditions (method B)
α,β-Unsaturated ester (2 mmol) was added to a well ground mixture of DPH (2 mmol), TBAB (2 mmol) and K 2 CO 3 (2 mmol) and mixed thoroughly with a glass rod. The mixture was irradiated in the water bath of an ultrasonic cleaner at 25 ºC or 70 ºC. The progress of reaction was monitored by TLC. After completion of reaction, the mixture was suspended in chloroform (40 mL), filtered and the filtrate was washed with water (3 × 20 ml) and dried with MgSO 4 . The solvent was removed under reduced pressure and the resulting crude material was purified on short silica-gel column with n-hexane/ethyl acetate (9.5:0.5) as the eluent. 
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